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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an inexpensive and high 
performance magnetoresistive effect element of a thin film which is made 
suitable for a magnetic reproducing system such as a magnetic reproducing 
head necessitating a narrow gap and a hard disk drive. 
SOLUTION: An intermediate layer 35 in which the magnetization of a 
ferromagnetic layer is connected with the direction of 90° is inserted into a 
clearance between pin layers 33 and 37, so that heat treatment for forming the 
mono-magnetic domain of a free layer 4 1 by a anti-ferromagnetic body 43 and 
heat treatment for fixing the magnetization of the pin layer can be 
simultaneously operated. Thus, it is possible to unnecessitate any difference 
between the blocking temperatures of the anti- ferromagnetic body 43 brought 
into contact with the free layer 41 and that of the anti-ferromagnetic layer 3 1 
brought into contact with the pin layer 33, and to select the anti-ferromagnetic 
layer having high interchangeable connecting magnetic field and a high 
blocking temperature. Also, it is possible to widen an allowable range for the 
distribution of the interchangeable connecting magnetic field, to realize the 
thin film of the anti-ferromagnetic layer, and to apply this element to a 
magnetic reproducing head requiring a narrow gap. 
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»*5Ji-SHa»©jiAffiK:*fca. ftot. m«. c 50 



^2 0 0 1 - 1 6 0 640 
10 

©samffiswfis^^^ssmi^^ftw^ffioiSMf^w 

B. ^S5tijtAffl*Si8^a«i«ft©^ffiCC*tl6jES3 

[0 04 3] C ©J* 1 ©*Mag©BBM«i/IflK5B* 
B. Hl©£®»ttJ83 1, C©Hl©J5SfcllttJ13 1 

tern 1 ©isnttJi 3 3 , mmrz 2 oosts&ttn©®^ 
ztm&tiftKttezit&fBttM&m mxm) 35. 

C ©|8£JB 3 5 fc J: o T m 1 ©^ffiSSB 3 3 &0£#ft 
©SBMb*«jtS»2©?Sa»14J13 7. (plB!#fiBttJ|3 
9, RVm3<D%M&m4 ltfKKMStl. *»-3» IS 
3©3f8Btt»4 l©fi#*|fiJKteWSPBaa±KJB«iS3 
n?c-*t©^2 ©S^iKtt)i4 3 . £0*-*t© y - F« 
ffi4 5£tft*.-S>. ft, COSRaUBtfiaMBR^tt. 0*H+ 

[ 0 0 4 4 ] * 1 ©SSH483 3 B. Hi ©S&tt&JI 
3 1 £©ifclMS£{Cj:o"C, El©£EiW[Sj (tEfflW* 
#|fij) fc*W9fcH#Sftfc«fb*«*.S. m&tfjf! 

2 ©&a&i4Ji 33,37 <D®mm$.Mitm<D&£m 3 

5KJ:oTS<,>K:«&ii£#l°]rc*$&l/. iot, Uf2© 
mBttff3 7(Dttft(t, WSB«!>«*6«fcrt*»93!FKl 
K?S^b*5H#SnS. t©<fc5fdKfb@»3ftfcS!2© 
»«ffiB3 7tt. ®#»#^J'Fa5«J|S©*T«>£JlW 
(e-€-©»{fca»*k*»&l<». t,»toi9>-53S!8ttt»B(c*fc 
a. 

[0045] C©9Sfi8tttf>J13 7 i "Wig^ffiftjf 3 9 
*:*UT«9*-?fclfr3©8tfi&ttJI4 l«SMBtt7«;- 

■K*fcf). *©**iii?it^»©i8^b*^B^sia^ti 
ifeswriiiK-riciJWpjsgi&aatciat?*^. c© 
gem? y-14 1 {csg»^wr^%Eittp-rsfc»cc. 
?$fistt7 y -i 4 i © h ^ ^ig^offifflaj 

±KW2©JSSI»ttJ14 3tEaL. Sfttt 
tt7 y -14 1 ©PJ3£gB#lit2 ©raftiSttJi 4 3 t£.& 

S. ffi-^t, asgtf7y-B4 1 ©tH*3BBiffiffiWca 
*|Dj©^-<7^fi8{b*^W. -enfiBJitete^-cs l©£ 
EPK^-T*lRj5C«fb*<t^5C4i^S, C©J;^L 
T. *|BI*lSttJl 3 9 iittimm f>l 3 7 > ^65 
^7 y-S4 i «SWb#iie3aBff©if>fc«)i^tr^<A 

[0046]^. HI ©«f£-CB. IKffl£«^l«I«ttSl 
JBf0»**?© F 5 v vwmv&f& U, Bil77? 

a. 

[0 04 7] ST, C©*e»'W7**T-K*tt>-C. * 
1 ©5SfiS'ffiS 3 3 TkU^mn y -Jg 4 1 ©J^sg^B 
PI-T^C^bi'TSCi^TtS. CtiB, S£*©X 

vsxirtwi-imttw U£&£mo%£®3 5i^ 



11 

i <D®mt® 3 3 * nrn v ft c t ic j: o mfcv * tc& © 

[0 04 8 ] C©X f^^^^JR^-OKjfilgfCfcWS 
^fCTnTJcMC, (WAST,,, 

t . , ) £ <o Biatc t tcvmx—yjftowm ( @ 2 cdssm 

CH>-C«x t->/^7^©£jtt4ft±KW4--r £ 6© 

02*, AFim%iW.&m%mb, mm 10 

[0049] aimmbtcm 1 ©*&S0$b, nawst 
>it 3 7 ifi%m&y y -1 4 1 j: <o ^mwm^m n 

H3 5^?SiS14f>«3 7«C$,S^T-»ji(CM^, s 
[0 05 0 ] £K. C©9 1 ©*J&6ffJaiCt&-5^0i 1 

- 1 1 - 4 %Kxi&$-f s. ^ 1 - 1 

1 -4-Ctt, 91©§SJ^SKteWSt*J$4|f--©f*»£ 20 
ttOt^TB. 9 1 ©HJ6JBJfi(Ctel»-C#-5L/fc^#4ffl 

[0051] mm 1 - 1 ) H3{t. yam 1 - 1 k 

[ 0 0 5 2 ] C 1 - 1 #* 1 ®£ftt>£S£g 

&£©B. y - K«®4 5 ©rtfflUSSSP*Jac>K:*f|Sl-r -5 

92 ©s^®ttH4 3 ©fMi 0 *>rtfllcciBS$ nr® 
v-114 i±©-aiJ*«-5Tt>**ccas. S3 

9fc«1*7y-JB4 l©^^^»"C^fa5»». 92 30 
©K&8BttlB4 3 4©*OI6£KJ:^T»{fc*iH#S*i 
Tl>5fctf>, fi^tm^Kfc; t, & l^Bwt * 0 , c© 
T«WK!**hfc«tJ*»«*stf>*«»l«»»'C*4. fit 

!&S©fa-h£S3e<!:#-e£3„ 
[ 0 0 5 3 ] ft, H33 \M<0®m 7 Ji£t¥+ ? 
7\ $>£ t,>B$M+* + f 7 - ©^ffi{c^RXS ttfcTifeJl* 
C©Tifc)14 7©ttf4^&Jlf4l?B. C©±K« 

[0 054] (£J&W 1 - 2 ) #fc> 04B, %$M\ 

mbtmzwt. 

[005 5 ] C<Dmm 1 - 2 B. £®®tt®4 3 -*i 
SitSBtt7 y-@4 1 ©±*!Kfe-ctcWi3iva>Sjjwc 

[ 0 0 5 6 ] C©£ *> KJS&MUI4 3 • ±&8&tt7 y 

-14 1 i^Efiiasnfctg^, *©saitts^*f*. 
ttaraw* n ©tflB-caaatt 7 y - 1 4 i ©saltan 50 



^2 0 0 1 - 1 60 640 
12 

[0 0 5 7 ] £®fflJf K *5&IMi£'CfcttS£ 

*»* < & <3 *t < . &8S&7 y -H4 1 ©««*#hst 

[0 05 8] (SB^M 1 - 3 ) CO«5ltfiTtl»<fc» 

ibvmmm ) itm «t 9 e. 92 ©s*^t4g 4 3 • i 

y -»4 1 £0Htc#ttBJR 4 9 ^»AT5 C 
[0 0 5 9 ] COmmi-2. 1 -3 5Cot>rtt. ^ 

[0060] $6{c, ^5^1 -3ogBMt^«m-r 

•5#^ttH 4 9 b. 1 - 2 ©<fc *> 4. S&®ftH 
4 3 '##6814J§4 9 4^l/ri!ISWS«8»tt)iO±ffl 

ccift b^t 592 7!»m» 4 ommmc m 5 . ssattJi 

ccs A u r 4 C i * 4 . 
[0 0 6 1 ] (fflBWl -4) H6 (a) tt. 
- 4 CCM 5 % f >/<A 7*^^©Kffi* . $f**fftE§J<i: 

mmbtcm-c&z. 

[0 06 2 191 (Dmtm&DZ V>'W7$&-C\Z, 

Il7x>;il, JUUt|K«. B6 (a) K5*TJ:5 
CC. 9l5tSlttb->JS5 5, 92?SHtte»§5 1. S 
O'C n6 ^S^®f4W{C^M*S^T?» 4>IM 5 3 *6 & 
5Sl«jSifSC<b-C. S«»tttr>Ji3 7©SWtS(S 
^PSITSCis&SnJffi-caS. 06 (a) ©tijg 

3 3, 5i, 5 5<Dmit5.W)^bzmm^m^< 
[oo63]ifc, mmy * y twi*aiAL.te<fi©ffi4 

UT, 06 (b) {c^-fj^tc, 91©S^fiBttl3 1 

ijt?^^ffl©saftie^@ «$aji) 3 5i©re]fc, a 

)!7xyttii©^lSt4g5 7. 3 3, RVCt\F><Dm& 
ZCLH-nSZ. C©«#KB, 9l©H&GBttJB3 1 

tmisy x y itjg©^gs*s^ti€rja < th c 4#r « 

5. (^l, 8DB7*ytt^{C*JWS+IBIIB5 3tCBRu, 
[0 064] (92©*Jfi©^.«) *^W©«» 
St5. 



(8) 
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[ 0 0 6 5 ] 0 7 B, 92 ©HM^KWSX f 

■r. 

[0 06 6 ] »2©Xf>A')^ifB, 07KSVTJ: 
5K. Titel4 7©*ffitc. 9 1 ©igSSfiSttHe 1. & 
«tt t>Jl 6 3 . $m#»ttj| 6 5 . S&B&tt? >J Hi 6 

7. ieets^ffi<Dttfu^v6 9. Rzmmmi i* 

C©Jt(C»lSm:ft»). ^«J17 l©±Bff»a5_L 
K9 2 ©K&Mfeg 7 3 *JJ8« S K 'J - F«ffi 7 5 » 
c*i6©JBK«S«K:S»ShTi>S. io 

[0 06 7 ] C©xe>;-0l,:/j^B, &aa&£»f6 
3 6 7X1) t>TimmitBl$i.S tltctfYAf 

AVSibL *fc. 5S5Bftt7y-H6 7MKiS3ai^fl| 
(OSWfclS^li <»AJB> 6 9£«*.Sfc©T*3. !/- 

KJBS7 5«. 91 ©IS56^JS(Cfel,»-C|ftWL.fcfcCDi 

[0 0 6 8 ] ^I8f41 7 1 ©H*©l4»aw*9 2 ©S3£ 
E814JB 7 3 i O&jfttt&K: i,t. 07 4KD*ft> 6*^ 

tiKi-a-C. SSiittlf 7 1 ©tt»*«*©HKtf*. *MB» 
t§# -If UK *$(,>-£. l3 7©^ffi**^K{C|&J*^^rl6](C 

[0 0 6 9] -ebr, B£li£ffl*B|Jl«:J:o-C. 9S» 

6 7 «a 7 k^-t «t 5 k. ttate*isi©»{k*«* 
6 3 twmy y e 7 ©s^ba^-ci* s. 

[0 07 0] (mm2- 1) t©J:5K. 
$4©ro©S®iStt)16 1 £ 7 3 £ffll,>-C. S®ttb-> 30 
®6 3 trnm? U-B6 7©»ft*BfitSE{C3!EX3-a' 

[o o 7 1 ] S8«, zo>m2<Df3mm<D3ffiw-e*> 

mtm^mfmQ 9 r^**ji2©K»8ttJi 
73 ■©*njentttSBS^'r*j:5{c^f-->yi/ 

fcKffifllS*. ?rat»H©iilEAffl!lJ:»)«3S0fcH'C* 

5. t©jc5Kfft«. mjft©^+>h^**ig?i'rs 

H»tcHWrt-5c£*^IfiEitc4. 40 

[0072] (93 (ommmm) ^tc xmxmfn 
tmimn+itmnsommBmz, 09 (a) 

[ 0 0 7 3 ] 09 ( a > b. mavmBmwi&x t 

[0 0 7 4] 93©£i»B!8KM*:*tf>m<:/jfrF 
B. 09 (a) (CjjVf <fc5K. TiftlS4 7±K, 91© 

Sottas i , gutt? -;-ib8 3 . *mwmm& 

5, 3Sffi14£>Jf 8 7. BjaStt^OfiBKUS^ff 8 9. 50 



2 0 0 1-160640 
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tir&J|8 9KJ:oT. ®!8tte»B8 7 iB&tt&KfiBSi 

*s^T5»»ttig9 1 , c©^«tt@9 1 timm-st 

S9 2 ©S&GB&a 9 3, <) - h'SS 9 5 asirksji § 

[ 0 0 7 5 ] ft, 91 ©5»SBffif 8 1 tttttttt7 >J - 
H8 3©if$Sg|S (09 (a) ip<Dimm*>tf9) t 

[0076] coi^TB, m i ommmmicii^rm 

WLfcOiHtttc. 5S«*fet»B8 7 0iWbH#. SO" 
rj-jg8 3^©A^7^#-^©fc»Kfflt»S- 

[0 0 7 7 ] S-C, »3©Hi60Sg'Ctt > StP^btigg 
Stv/c-oo^ 1 ©H^iSttM 8 1 HB9Hitt7 V Hi 
8 3 S<iW«& < . 09 ( b ) ©aittttrSjEflJJ: r> 
WRl/fcKliHK^ri^tc. IBP»i9 7*rai>t:feJ: 
l>. C©BBWI9 7tt, W>h*MI*ffi*TSfc«> 
(C. SiS^^ FfOltif^-fXKi^f.tiiA 1 
0,, S i O.«C0iWi««*J»* U>. ^»tt7 
y-H8 3 0lSfiEGltt**ft*jiBa>6. Cu,Ru> 
N i F e,N i F eC rf »SCiiStt5„ 
KB. cnP»©'5%-C^^W^)l ; SrfigT'SC£. & 

[0078] (.m^omMcorm) 0 1 0 b, *ishjcd 

94 ©Xit^SK^S X t'>^';l/7^ffl»fM?r, H# 

[0 0 7 9 ] 94©*8feJfJSS©X K>AA^[J > 0 
lOCC^f J:^K. Tt4JB47©±K. M.\.*K$mbX 

mmstiftr.-oom 1 ©5?sefiJi 101. ro©m 1 
©ssMBHtJi 1 0 1 wt*o±tcmtEtimmm 1 0 
3 . mt&m 1 0 3 mmm-? v -m 1 0 7 ©sw t# 

BS^K%^J: i 5{c. SH^Simi^S-tfi^b^S 
10 5. y -1 1 0 7 . tp|B!#ffit&| 109, 

atsatttr^Bi 1 1. W2<D5i.mmmi 13. >;-k 
mm 1 5 £*<ias„ 

[0 0801 *1 01 IB. 94©^JS^KteO 

r. E^JdWn-rsin 1 oimmnm 1 0 1 ihk, 93 

©*»©BSI(Cfe^rj»WL//c£|3J«IK. IfflPSIil 1 7 
?:iegb/cXf>^*jl'7'^©»rM ; S:. ^gCfi5l?©8feA 

®W*i6a^i/fc0r**. c©HPiJii 1 7£tr 
b. 93 (Dmmnmois^xmm btcj: *> &$mzum 

[ 0 0 8 1 : 0 1 osi>*0 1 1 -eB, m&&m 1 0 3 © 
■5^,91 ofxmrnm 1 0 1 ±.icmm2titm& 
(010, SO*0 1 1 <o$m» v viv> b, 9 1 © 
mmm 1 0 1 ta>im&&\cwwc&wtk*ti. 

C©M«gPK»$ n/c**SHtg^B C(Dffi<H|S#> 6 © 
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[ 0 0 8 2 ] *fc. a»fi8ttf»i 1 1 1 tt£W»ttll 1 
1 1 ^HWtOtt^i. ttttttn 1 0 3^©««/< 

[ 0 0 8 4 ] 3«c. *IHUK:teWseSsiS^fflO«fb«S 
[0 0 8 5 ] S8{b*§£II («Ji) (Ctt. 

-#ji©M5!CDjt& sotm # 2 ntLLtti 3 titcm 

1) Fe©»f 9. FeO, Fe.O,, a-F 
e,0 3 , r - F e 2 0 3 a>£>jSt*ft£. 

2) Cr©8W^<0. CrO, Cr,0 3 , CrO 
Cr.O,, CrO,, C t O s fr6Mi£1nZ. 

3) momzzmmt. uncmmfrhM > u 



(9) 2 0 0 1 - 1 6 0 6 4 0 

16 

* c o o 8 6 ] ttc miiM^mm, a u , a i , a 

g, Cu, Cr, Mr\%m>?M)\ Ctib<Dm£m. 
■5. 

[0 08 7] *S5tt^ffl4»Blli&^-l/rr-3©5fc»tt)i 

». 

10 Ec= — AuMi'Mj— Bu (Mi-Mj) 1 

(D 

ft. B„B55U:^SaW»&5aH:-C*S. BS9 0S (it 
3?) I A„ I <l B„ I *)OB„<0Ot*Kg 

[0 0 8 8 ] B,,«. A 1 ,<0"C*4®SI»ttlS 1 #R« 
4 A , , > 0 XS> i mm&£W&<D&& LX^WSK. 

20 feo-rc^SiKW^jJS-Ct, te*iL-CA tl <0iA 
i,>0*JiHSEU-CB59 0KtS^iaC5Ci(CJi^. * 

rbjkc i Bttogffiwawmm 2 l -c#£ u torn 

OfcJ^jH-^XfS^x*;^--©^ 2 A J 
#. ^£*S£5£ftB 1 ,tt > 



nO, MnO.J&^gtfflS. * 

B„ = -[2 (A3) ! L/ (Att 3 ) ]2.. 1 ~[coth[7t (2m-l) (D. /L) 
]/ (2m-l) J + coth[7i: (2m-i) ( D./L) ]/ <2m- l) ! ] 
(2) 

£S2*l3 (Phys. Rev. B 67 , 3172 (1991)) , 
[0 0 8 9] CC-C. D a . DJt-rXDim&m 

J^rB.^Ctifcot^fflSt^iSStiS. if^^ 



30 /^^»*>&&*31«*m£L"C > -5"©ElfiJE£l? 

[0 09 0] 
[«1 ] 









B, z [crg/cm ! ] 


Au 


Fe/Au (8HL) /Fe 


(001) 


-0. 003 


Al 


Fe (4. 6MD/A1 (1. 6ML) /Fe (4. 6ML) 


(001) 


-0. 036 


Ag 


Fe (9NL) /Ag (6ML) /Fe (16 (ML) 


(001) 


-0. 070 


Cu 


Co (4ML)/Cu(lGML) /Co(lOML) 


(001) 


-0.015 


Cu 


Fe (9. 4ML)/Cu(9ML)/Fe(16ML) 


(001) 


-0. 10 


Cr 


Fe/Cr(4ML)/Fe 


(001) 


-0.2 1 


Mn 


CoFe(10nin)/Mn(I. 12nm) /CoFe (lOnm) 


(001) 


-3.0 



[ o o 9 1 ] * i Mm*m®%&x$> <0 , 1 ML« 

[ 0 0 9 2 ] ft, iftUtefflitimH0M*tt. 9 og^ 
^A^rSiSfflr^^O. 2nm*6 2nm*ta* 



[ 0 0 9 3 ] * fc, *^<Dit&|&gffl>f'n«£ l/C. 

ixmmmKz&j&z-ststtnx&ti^ ml a 



(10) 
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m 7 x mmaomwimzmtz c are* 



* 



[0 0 94]«A«, FeHHMMFeO, Fe 3 0<, 
a-Fe 2 0 3 . r-Fe 2 0 3 ) . * S C ft 6 ©iMB 

*IBBO«S»»0. 2nm^6R10nm 4 HJt< 
ttfiO. 5nm^fi3nm<!:tS. B^^ffl^rflli 
CCF e WtfcSffl^fc^ t^^iKIBt 8 WtH 1 
7JS4©»©cJ:!K F e^t»*«S^*3S«ttHO 

[0 09 5 ] *MlWl75S4tt, DC7^FP>^ 



^132 0 0 1 - 1 6 0 64 0 
18 

ft. «*r7kOe©a»*B3aiUft*«6, JIMWfcS 
i £ 2 7 0 T^CIg&r 1 P$rao«a^rtf ~>fc 8 CfttC 
cfc 0 % IrMn/CoFe WI03^^x 

J ua=Hua-Ms-t^O. 14erg/ 
cm^CiOCoFeCDES^S^Sn-S. CCtHu 
a (i£&$££E£t§ ( C 0 0 O e ) , Ms teC > 

JBOflWMKfl: < 1 . 8T), tttfc'^JBOJS 3(2nm) 

[0 0 9 6 ] 
[*2] 





Ta(Smn)/NiFe(2Mi)/IrMn(7nni)/CoFe (A) (2nm) /Fe (2nm) / 
(12000 Langiouirs}/ 
CoFe (B) (2nm)/Cu(2nn)/CoFe (0 (2nn) /Cu (Inn) /Ta (0. 4mn) 




Ta (5nra)/NiFe (2nin) /IrMn (7nnl /CoFe (2ni) /Fe (2nn) / 

(600-12000 LangmuirsJ/CoFe (2nm) /Cu (2nu) / 
CoFe (2nm) /Cu (Inn) /Ta (0. 4nm) 


2£ifc#J3 


Ta (5mn) /NiFe (2nm) /IrMn (7nn) /CoFe (] 2am) /Fe (1 &a Mtt 2nm) / 
ft^Sfl: (3000 Langmuirs) /CoFe (2nm) /Cu (2am) / 
CoFe{2mn) /Cu (lMi)/Ta (0. 4nm> 


ftlfeM4 


Ta {5nm) /NiFe (2nm) /IrMn (7nn) /CoFe (2mn) /Fe (1-Hnm) / 

g£*K«000 fc*lr>tt 12000 Langmuirs) /CoFe (2nm) /Cu <2nm) / 
CoFe <2nm) /Cu(tmn) /Ta(0. 4nn) 



Ta (Snm) /Ru <2nm) /PtMn UOnm} /CoFe <2nm) /Ru (lnm) /CoFe (lnm) /Cr (0 - 0. 7nm) / ft 
mMit (300 Langmuirs) /CoFe (Znm)/Cu (2oin)/CoFe (2mn) /Cu (lnm)/a £Sf&{fc (300 
Langmu i rs) /Ta (0. 4nm) 



(ftl)**W171250 NiFc Oft^&HSUKtt Ni80%Fe20%> CoFe <Oft^fi»WliBj«tt 
Co90XFel0X. IrMn <Z>ft¥li3l#)ffifi£fei Ir22*Mn?8XTfc£. 

(«■ 2 ) 3mm i THs 4 0>±mmts cu-Ta ri^a. 



[0 0 9 7 ] C CX\ lancmuiretJ, »ftSSSKBBT 6 

0 , DBR^E 1X10 " 6 Torr^HMCC 1 Ml 40 

[0098] mtm&mtpmmtc f e m\tm*m^tc% 

IS«l©»{bft»iMRftia*. **fai2 (a) . 
(c)iH12 (b), (d) Ct^T. I rMnK3fi» 
eJB^e>©5aft^^T^«»*[Sl (Hua) &C*tLTtt 
mm (Hex) *WfCC*ALfclROi»{bft«<tMR 

Ati^H 12(a), ( c ) -c* . mmcmxbtm 

CDlSSftftSgiMRffi^ai 2 (b) , (d)?**. 
H u a <b H e x #WCtt 8 %§g©MR^t¥£if;U 
H u a i H e x ^16"C« 1 O %5SOMR^t:$^l 50 



fc. Cu*IB^M^**^dCoFe9S«tt7»;-Jg 
£C o F e«^t>l©Wfc*^±&fiTffi4*tt 
(BbWjBitaitK, MR#«;*ffi*STt££#;t* 

FeWMi, C©»»ttJliFeBMk«I^6ftS0l: 
SSB^ffl+mB*^r?¥ar4C o F e5ttBtttr>JB 

[ o o 9 9 ] sr, mmm i fcfcor, ^gpsgi»^rap 

LTl^fcitfcC o F e«t*>|iCo Fe7'J 
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o/c 0 eft**, FeKft«K:j:SfiaS«S^x*;HF-^ 
0. L 1 e r g/cm 2 «±r$>^Cci:^tSTa e 

[0 1 0 1 ] HI 3K. 5BW%ffiie»?IUfci*O fc S 

(fc3ft«teS14£^T. 6 0 0 LanqmuiersTH* 9 0 
StfaOfcsiMKrF eBMk«5*i-C#rte6-r. 12 0 0 
Lanqmuiers «±r9 0ffi££&9mt2> 9 
[ 0 1 0 2 ] *fc. CCD <fc 5tcejaS^*IB»3Miei|» 
«rc*S»^Ktt. « : F5#*K:J:SMR**»»**»6 
h£ 0 Cu£TattB31MtK:J:oTCu-TaWfc» 
i&tiZfZtmhti* CCDCu-TaKft^fcbCoF 



(11) ^2 0 0 1 - 1 6 0 640 

20 

i*l 0%^MR©«A«"CftS©CC*rL, F eBftft 
*fflt>£^iMW2©1200 Lanqmuiers-C^l 3%<DMR 
tffffetlfe. L*»U 1200Lan<muiersJ:tlBMt*Sfc< 0 

[0103] g£^T. $^U/ciaMiift^MRI:i 
43*4fc»fCtt. 1 OOOLancmuiere^68 0 0 0La 

[0 104]^, **W3«, I rMnS&S&ffif £ 

tc a *3tc*©j*s4^-r. 

[0105] 
W3] 



(IrMn £ Fe «fl:tt<7)H<Z> CoFc RJ9. ^YbH5cD Fe $ 




(CoFe, Fe) 


>W [Oe] 




(Inn, lnra) 


220 


14.7 


(lnsu 2nm) 


185 


6.21 


(2mn> lira) 


241 


7. 94 


(2nnu 2nm) 


444 


12.3 



[0 10 6] H#fcfiflESUS£4JgB-r*fc«> 
fctt, I rMnS9itffittH^FeKfb«f^lBlJI(C^n 
SCoFe*]»ttBOI«W*iJ>tt<ifclnmfit±. g 

U ifT^SiiKib (Ms • t») WAUHua^s 
ffiTt-^cD-C. 2nmJW±3nm«TKT^£?&& 0 
[0107] H*W4r». tt3!![3Hf^fli*HIJ10SWfcS 

Fe^2n m WT©i#£ 3 0 0 0 Lanqnui rs v 2 n mt( 
_h©l§£\ 12000 Lancers Fe<Di¥3&Cj£D 
riMt^t^ftSttfc©!* F e*s«< 

M^t©«^«iSrB8lffi^mtirMR^ffiTUfc. 01 
4^cFelSif < !:B^^?SiiH 90 o Rtf, HJ!tf6tn^b 
S<D«Hft*^f. FeOiSttlnm^ 
6 3nm*J*fiSi#*4. «fK. 1. 5nm*62nm 

[0 10 8] *fc> Mf60!15tt, Cr*S«S»ffcL/ra: 



CD, fi50Oe (C©i§£ 4 0. 0 1 4 e r g/c 

[ 0 1 0 9 ] C C"C«fiSirS^©BBIS*A8C J: 0 F e , 
CrtSil!Mlft3*AdW«l-5*Wfc*J, Fe, 

mCDifcCDffltbX, ( 1 ) ^XvT^t/fcBBR^-f 
-f*iVKJ:SiKL (2) x*»/V7>^*6*>HBt 



MEW T S C i ~C£$ L r # J: £g*f t 

(3 ) «**£t?SB»+K*>W5F e, Cr, Mn CD 
Slfitt^yjr, (1) tt«B"C*l> 

»ftR*f^*r*©Ccai/Ttotl. Fe, Cr, Mn© 
a»*3>Fn-iHy*T<44. (2)»(l)«cjp 

m^raiiSii-ici^r**. (3)mb^w^s 

KCC (1) *6 (3) *CfcC>T, ®fi£4 0°C-l 

o o vfctmu^mtemt 3 <t , «{m&*hr» 

(1), (2) rtt, Sfi*7 7K-2 9 5 KCC&#L, 

40 [01103 *&, ccTummcmmits i 

MgOiE GaAsifi, S i Sfi*ffll>-5C <t feoj 

-■©<R«BESl»ttT*4N i F eCDttfrDK f c cflfcg 
£Wf££R fciA«Ru 4 Cu, Au k NiFeC 

[0 1 1 1 ] LC6X\ mmty V-Mtfflj0ffiM£ 
50 ^<tLr©/^^[nj±s^s/c«)<Di^^sr*s„ 
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MsmsmtpmrnzmMc 2 mowmmm 0 wt 

(Ms • t») *»-3Tl»*i. 5Bttt7»;-Jl^#4 
LtTCDfiBKttt?Sfi8l4f>l(C*fL-C4 5g*|6jC»rt,>S 

[0112] c**i»tr. a&tteffl>f>mji*fti/fc2 

SgTSi'MC, Ms • t«{Cil*RW5Ci"C*5. 

Ms • t«©tb*i:sgKit*itf. wm&man 10 

ft*>*8 0 dep. 4 ft 0 . J8a«ft*«l«fC* S. 
[0 1 1 3] *fc. eS5B^*BftS4l^*a** 

£"C, 818147 y-H©«ttft:tf#IIKT.S>. C©« 

^S888»*s50ejyT-C*SC4*s*f*U< . flUB® 
88tt7y-Ji©»fbW3. 6nmTT», a£*S£x* 
;U=F-«1. 4 xlO" J erg/om'«TT$,M' 
B#*S. 20 
[0 1 1 4 ] jy_h8«<ft:B8«£ KtteTSttftltejl 
(WAD tffll»fc«SasSE»*JR : f«. BBlfwX* 

[011 5] mmm.^? f©^, cn*t?jcfflt>6 

[0 1 1 6] Sfc. ^-^FSSBE^y KOflMc. HI 

6 ©«ws«»ia(c*-r a - 9M®&^ v f tc tmmv * 

S. C©3-i'S^Sl^7 FB. 13 1 6(t$>5<£ ^K, 30 

a»<**fftffi 1200 ici6i>xim!m±.<o$£m h??? 

1 2 0 2*6©fi*fJiW : £::>*>t\ ^9 FF*3gPKi2g$ 

titcm^mtmm^-m<-%WB-^ 1 2 0 4£<i 

*3. XRltt. K«Wft*ifflrt'CHISl/-C. fiBES^? F 
«*©ll®±££8vSr;fYL-C. **l>BEt»tdglit,-C 

[0 1173E16*. —at© a-* mzttbtcttm 

2 0 4©-*K«fco-C. $&*ffiiffil 2 0 0J:DflW?(c 
KSSnfc*l6M©fi^StaS()*J!?^ 12 10 lOgfr 40 
ft. 3-* 1 2 0 4©ffe^tc,J:«3j®f*^l?*), -o©88 
«H»*«BtC*5. »»ffifii3»ll3frF 1 2 1 OB. IS 

tmrnmi 2 0 6 4. coaHSKSMtn 1 2 0 6© 

ffiJgCCS^Sn/c-^© 'J - Ffcffi 1 2 0 8 CCJ: OflllS 

Sttros. fiSftU&sstMCM 1 2 0 6 4-;- FS©ctf 
$nfcs&«±©^En«-fe>^*«E©*[pj*^'r. 

[0 118] t ©J: 5 £3-2 1 2 0 4£ffll,>-&*§£ 
tC> S5m=fc^WKfia^ffii^S)S 1206^<K 
B. 3-* 1 2 04©2S8B*!W,>C4att2$ti, -e© 

fe»«c«-aaiBsas*tt*»ft:«ti.>c4#ia4 u>. so 



2001-160640 
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1,3&>L. ZV»W7lC*ttZmm\*a-it 1 20 4 
4 ailffj^ $ nt * 6 It t>ti Z tc#>> ^f>;W 7(C*f 
T*«MBHK:«fc D 3-^**J-*a«flW*ttt«FOiB 

F©**&fJ£4l,>*.S. ft, C©<fc*>ft3-£I!S8» 
^9 KCcteWSfiJ^B, 01 6{CjS1-»j»(c|Ig 6 h-f, 

ii^(6lffi4^mffi5 ! S!!ia3g-7-^ ; am3-i'(CJ: 

oTWiu3nfc«jgr*hBHt«cSi&n4«>©-c* 
5. 

[0 1 1 9] *fc. 3-4>S^», f-cb. KfF±, 'J- 
FSfil 2 O8£01 6K5VJ\fc5K:. x^{CEl»K: 

*frsj-raaa{ca<«fig4fta. ctiB. 0i6«:^-r 

<fc 5 (cOM&ttM&O&H 1 2 0 6 &»*U§f* 1 2 0 
2 KffitCCfl&sfct, 3-^120 4©f££E 

m&bxwsm&i 2 0 2«cwK»j*i/fc«ijfi-c«> 

[0120] HMffiCt^mHtpTOS^C^nttia 1 6 
HJ©^Ur^Ufc«fc5(c. x^[Sj=&[S]< s Tftfctj, -fe 
> X 4 , 86814 7 V -mi IcftLtiiMsimofait ifi 
ffi*5lr»IJSfffife5. C©<fc5fttR$l-e, B§i££ 
%fflnftl»8»xtr>^^S}S«r«4. 017 

(a) *z^(6jK:*fisj-rs«i:^{c > mm? y-«7© 

5£4tcft£„ oil SE»0©S*SH4IB^7 'J-l 

[0121] CWC*tL, BSSft^©®{b^l («p 
A») 1 2 0 6 5£fflt>fcXt>^;U:/*^£JSifcTtt 
B. 01 7 (b) fc^-TJ:5tc*5B»7y-)il 20 6 

4©sfflzwai*. 1 2 o 6 e^oatavw rx 

t^L-craMBttll 1 2 0 6 7 ttx»flKCEl>JC»l«JE 

gsn. u - pss 1208 *jx<m&m 1 2 0 6 7 ± 

COCi*e>, 3-^SSliSt^9 F4BSe3&*S-& 
ffl©SWUS^)i (SAD 1 2 0 6 5 *ffll>fc^ f>^ 
;U7 , ^^ffi^fcliac4B 1 m*|6]±©tl.*A^A 
*fc5Mi6*£#H»-4#*.S. 
[0 122] Sift:, 01 8©3-^l!^^-> F©S« 
*mT»S0{c*a J: ^KttafifiBttSB 1 2 0 6©£ 

m mommnftK.ztLmg.tem) zwsmimtoi 2 

0 2 ©^EK¥^f 4 frSJ: 5 CCJfML/fcti^. -*f©S 
W»tttmi**»r»tt55t«ttW*WI 1 2 0 6 7 «ffifi( 
WtitHM 1 2 0 6 a ^ofE»f*© F =7 9 * 

±*©Fv9^ii^fiSa5»*»£tJ&SKS;gl/r. 3- 
i>l 2 0 4©iS{t^y^[Sl^ai-2>C4*iT , #a. C 
©«t5{C-J"SC4-C, 3-^©x^[S]©2l!»^-fl|{C 

< ft 15 , t mmw 1202*6 ©it#ia^*ss» 
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12 0 6 aOf>f©I{tB3-^^7 !J-lf©${b£ 
f»i©®{tH»©/c«)©lSy!!iai, 3-^12 04© 

®imm<Dic&o®Mmtft-i!imttih. cct, 

*££JI£t , >Jf*Sl>B7l'Hlte#AT*>e£-C. 3 

1 2 o 4±v^m&2>mt. 7>)-mi>cnxTzc 

3-?l 20 4£t'>Jl'\©$*S£|B]B#{c:fT5 
c£#tB££J;5K&«3, t£Sl*l$c©iiiM*5°Jfi&£fc • 

«. sis (DMtmmmm 1 2 0 6 a tc». 10 

■C&O. CCTtt. P*BfcgiBJjB*l&T£. ft. SI 8 
L/T. £ffiKS»K«it%Str (CPPJS) ©GMR 

[0123] «±{catfc«K^{cis^r*««itffli> 
fia^fifsa*ii©Rfflae*ifiiKiiW-cpp (cun 

ent Perpendicular to Plan 

e) mmsm%&*K.i>m°!m?i>6. -mom 

£H 1 9 K^-f. 

[ 0 1 2 4 ] t © F >**m&ffiMJR*?». T3BH 
*&*fcfcT*IB4 7 ©Office. SSI ©K&St&B 1 2 

i , s&sttn 12 3. ssa^momm^m 125. 

9fc«Slttr»l 12 7. #5214 h >*)i>mkm 129.® 

wt^y-ni 3 1. nzommmmi 33. c© r 30 
y*)i®^mmmm<mm*mtsmm 1 3 5 . 
±®mm 1 3 7£<i*s„ ±sp&trFSi5SfiBia£ h > 

m 1 3 1 ©tt#fi©f istsmc ji^t, h > * ^aaaa* 

(MR AM) Kfc«fflDj|6r**. 40 
[0125] fiLfcKW Lte <t 5 &flBSl&n*ft£S?£8 

[0126] T*5^x-£7-AB, S£M7MX2g 
- * 7- A©-S§KB1rX-<> -> 3 >ififfl&$ ftf l> 
[0127] t^-;>->3>©Mcttijl©MSR 



1^2 0 0 1 - 1 6 0 64 0 
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fc. •trx^>->3>Bfi-^©#!rjA*SomK ! 3ffl© 

'J-FHWBHlSti. C©U-Fi|g©-«£^? FX? 
-1 #<c8*i&*hfcM««e^*^? F©»«Si*J« 
ftwccgM&sn, U - K&©ti&4»B1Iffi^ F(c£t*S 

[ 0 1 2 8 ] sfc. *m<omfaMmim<D-m?*> 

[0 1 2 9 ] figMr-^ ^i'BXf>FMCg#$^, R 
«^att0»i5* 6 ©MfflHI^tc )£§•*- - * K J: 0 H 
tsf 4 o KMx -f x ? j&s^Jb L fcttJ£-ct»«©Sa&l5£ 

(Cffi>5tftt*>fttVS. CCT, F*5-f y»±fi 

atsiisjBiass*- ? f * n« 1, 1 1 > a . 
[o 1 3 o] sa^r-f zt&mm-zt, ^fx^y 

/ctK!K-C&83ft*. 

[0131] 1fX^>^3>Bfg8linw , ;L'£ffi8T£tf' 
tf>g^£W1-S7#**x-*7-A©-}gCC^3 

#© 1 a-e***'-/ x n a*- e>*rci>s„ 

X n ^ A,* - £ B 7 if 9 x - $ 7 - A © K '> SB 
{c^^fetxfclBfta^^i, c©3-Y;u%^jAt? 
J; 5 (c*f|Sj L-CffigS fifc/fcASBPH. Ktffcffa 3 - 

[0132] 7f ^aX-3»7-A»HStt©±T2 * 

A x 3 ^ tc J: 0 @«Hfr*s gaicr t h «fc ^ 

[0133] «±i»WL)fc*S6©m SO*JS»WCC*j 
l,»T^L/fti)B©tf?4^Bcn«c|Se.*iafe©r-Bi& 

[o 1 3 4] ssfc, mvwKffim, 9*1 

[0135] 

C -y 7 - ?:g-rsS8Mff^ ^ F. 3 <=> 

K^- F 7 s -f x i; F 5 ^«©S86»fl^K«K» at?* 
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m i ] *iw©» i ommmt&zwmmmm 
[12] m\®wmm*wvcm>x. *%m<ow$m 

[13] *mvm i aymmmc^mmmmm 

*^-J-»riiH-C*5. 



(14) ^2 00 1 - 1 60 640 
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* [iai2] mmmi<DM{m&kMRm%9ntm-eb 

[113] IS»W2©5¥tftt^*s«nSiSiSH,„iM 

[114] 3»«4©5¥fTtt«*«il*»*IH„iM 
RtcWTS. Kft;*tt3lw©Fe©|gJ?0c?¥14£7jvfl 

■c&s. 

[115] ISSfcW5©MRft«*^1-@-C** 0 

[ii6] a-i'Sttat'sy FKM-rssnsmir* 



[14] *#bw©» i ammmtc* m^m.nm io s. 



Ki>mM i - 2 *mf WBi-cas. 
[is] *isw©» i vmmmitzzm&mfflm 

*(Dm&m -Hi^S»ltMi©BlK^R«ttJi*li 

Awtsjew i - 3 zmtwmm-c&z. 
[16] *m<Dn i ©nsfe^^fcj: sia^aaK^^ 

[17] *^W©m 2 ©XtSBSiC J: £88^igfn$f>m£ 
-7-*^T»rBir*5. 20 3 1 

[18] *&Bg©* 2 ©XffigjfttCJ: 3 3 

[19] *ft9?©$ 3 ©Sft^ffiiCi^ii^ffiK^JR 

[110] 4&>i!©84©^£McJ:£l^£fttt£ 
Jfrf-fc^TWBS-C&S. 

[iii] xmnmwmmBmfcxzwm&mm 



[117] v KKfcWS&mJKa8«li3? 

?■©&» £ 3 - ? t ©-BB«*^-r«aH-c* 5. 

[lis] 3-*a»»^» K©«s©«*s-r«B«a 
it?**. 

[119] #&BJi© f >*;H»*3R-?-^-rBrffiia-c* 
[12 0] S£3fe©A5f-> K/WT^*S©fi8SvJKnJ» 

[^©IftW] 

l ' 



35 
37 

3 9 

4 1 
43 
45 



SSI 

IS3©3$^tttS 
IS2©S®52t4@ 



[ii ] 




45'J-KW 



43 8f&2»£aKteM 
41 SB3«5IWft|» 

39*IHS«te* 

35«Wfc»S£JI 

31 M105BB14JI 




(15) 



HH2 0 0 1-160 64 0 




17] 



[HI 0 1 




75U-FMI 

71 &tmm 

63»fiH±t:>fi 

61 mw&avmm 

47 





115 "J-K*« 



113»2<&EBK81*JI 

109 

107 »ffitt7';-« 
105aHbE£S 

101 JKlO&BffifeH 

^47 



(16) 



1$P§2 0 0 1 - 1 60 64 0 





(IS) 



EfH2 0 0 1 - 1 6 0 640 





